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Abs[ract  -- -The Multi-angle imaging SpcztroRadiomctcr
(MISR) instrument is currently under dcvclopmcnl  at JPL for
the AM 1 spacecraft in the Earlh  Observing Syslcm (EOS) se-
ries.  MISR consists of nine pushbroom cameras, and will pro-
vide global  covcragc in four visible/near-infrared spectral
bands. This mcasurcmcnt  strategy provides sysmrnatic  multi-
anglc imagery of the Earth for studies of aerosols, surface ra-
diation, and clouds. An on-hoard Calibramr consisting of de-
ployable  solar diffusers and a set of sk?blc photodiodcs
provides a high-accuracy dckxtor-based calibration. In this pa-
per wc report on Lhc progress of the instrument fabrication and
testing and focus on the application of MISR’S unique observa-
tional strategy to studies of tropospheric acroso!s.

1N’1’RODUCI’1ON

EOS-AM1 is schcdulcd  for launch in June 1998 and will be
placed into a 16-day repeat 705-km Sun-synchronous orbit,
with a local time at equator crossing of 10:30  am. The MISR
instrument is currently under dcvclopmcnt  at the Jet
Propulsion Laboratory. Subsystcm  and systcm  testing of the
M[SR Engineering Model (EM) is nearing completion, and
fabrication of the flight cameras is underway.

MISR is being designed to provide multiple-angle,
continuous imagery of the Earlh in rcfhxted sunlight. It will
usc nine separate charge coupled dcvicc  (CCIJ)-based
pushbrocrm  cameras to observe the Earth at nine discrc.tc
angles: onc at nadir, plus eight other symmetrically placed
cameras that provide fore-aft observations with view angles, at
the Earth’s sur-face, of 26.10,45.6°,60.0°, and 70.5° relative to
the local vertical. 12rch of the camcra$ is manufacturul using
onc of four optical prescriptions, varying in focal length from
onc design to another to equalize cross-track sample spacings,
I%c sample spacing on the ground is 275 m and can bc
averaged, in flight via ground command, up to 1.1 krn. F.ach
camera contains four detector line arrays, each overlain by a
spectral tiltcr  to provide irnagcry  in bands nominally ccntcrcd
at 443, 555, 670, and 865 nm. ‘lIc four unique optical designs
are designated “A”,”Et”, “C”, and “D’ (in order of increasing
view angle) followed by the letter “f”, “a”, or “n” to indicate
forward, aftward, or nadir viewing. Provision for both forward
and aftward views yields wide covcragc  in scattering angle
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(the angle. bctwc.cn the direction to the observer and the solar
illumination direction). II ~akcs about seven minutes to view
any poin[ on the sub-spacecraft track at all nine angks. ‘I”hc
swath widlh of the MISR ifnaging  data is 360 km, providing
global m~llti-arrglc  covcra~c  of the entire F,arth in nine days.

A mm]bcr of mcasul  cmcnl objectives arc established for the
MISJ< cxpcrimcnt.  l’hc c.ombina[ions  of the 36 instrument
channels (9 zrnglcs  x 4 bands) used to meet tbcsc objectives arc
illustrate.d in Fig. 1.

INSTRUh4ENI’  STATUS

Cameras

The M ISR lenses range in focal length  from 59.3 mm to
123.8 rn[ll  and arc supcrachromatic,  7-clcmcrlt  refractive f/5.5
tclrxcntric  designs. A double plate Lyot dcpohrrizcr  is
incorpmttcd  into each of the, cameras in order to render thcrn
polarization insensitive. 2 “hc ]cnscs  are mounted in aluminum
barrc]s  with some. additional materials to accommodate
thermally induced dime.r}sional changes of the lenses during
flight. E:lch MISR camera conklins  a camera head which
houses ttlc focal plane. S(J uc[urc and to which is awrchcd the
driver clc.ctronics  for the CCD’S.  The camera heads and
c.lcctroni(s  arc identical for all nine cameras, leading to a
modular design irl wliich only the lens barrels arc unique.

3’I)c  hlISR CC1> a[chitccturc  consisls  of four line arrays
with 1501 active pixels ~)cr line, and is based on stmdard 3-
phasc, 3-poly, n-buric.d cbarlncl silicon detector technology,
Thinning of the I)oly gate. over the active pixels increases the
detectors’ quantum efficiency in the blue spectral region. Full
well calxlcity  is 106 clc.ctrons  with read noise < 20 electrons,
yielding a large dyrmrnic  range for the dcviccs.  lhc signal
chains alnplify  and convert the CCD video into 14 bit digitd
rlulnbcrs.  1“0 minimi~,c  dark current and radiation sensitivity,
the CCIJ’S  arc operated at -10° t O.l °C using a single s~~gc
Thcrrno-lllcctric  Cooler (1 ‘W) in each focal p]anc.

A focal plane. filtc.r assembly defining the four optical
ban(ipasscs is placed about 1.5 mil above the CCD. l’hc camera
filters arc mosaickcd  al rays of four scpamtc  medium band
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Figure 1. Measurement objectives of the nine cameras and four bands  of fhe MISR instrument

filters. Masks arc placed over the CPOXY bond lines bctwc,cn  the
different filters in order to prevent white light from leaking to
the focal p]anc.  The filters usc ion assistti dcpositicm
technology to insure stable and durable coatings which will not
shift or degrade with agc or cnvirourncntal  stresses.

Two cxmplctc  cameras incorporating “A” and “D” lenses
were manufactured for the MISR EM . Thorough testing at the
lens and camera lCVCIS has bcc.n performed in order to
characterize the carncra signal-lo-noise ratios, point-spread
and modulation transfer function response, dis~ortion,
radiornctric response, and spectral and polarimctric
characteristics. For the most parl, the camera performance has
vcrificct  the cnginccring  design, and cxccllcnt  optical
performance, signal-to-noise ratio, dynamic range, and
radiomctric  linearity has been observed. onc camera has been
placed through and survived stand-alone vibration testing.

EM emncra testing has been invahrablc  in uncovering a
number of mechanical and optical performance anomalies in
the carncras  for which fixes have been idcolificd  and for which
camera rc-tc,sting  has established the efficacy of lhc design
corrections. Camera manrrfacturc has now progressed from the
EM stage to fabrication of the flight cameras,

Structural Design

The MISR instrument configuration includes the optical
bcnc.h and the primary support structure, 0%S). The optical
bench holds the nine cameras at their ligh(-admitting  cnd with
the dclcctor  cod cantilcvcrcd  into the instrurncm  cavity. lhc
fore-afl cameras arc paired in a symmetrical arrangcrncnt  and

set al fixed view angles on the optical bench. In addition 10 the
cameras, the optical bench conL~ins  calibration hardware,
dcscribcd  in the. next section. 7?IC PSS provides kinematic
attachment to the spaccxraft  bus and is designed to maintain
rigid suj~port for Lhc optical bench. The instrument cnclosurc
provides a structural mount for the nadir-facing radiators. In
addition, it house.s the. o]ltical bench asscrnbl  y, (1IC instrument
systcm electronics, and the flight computer,

‘1’trc integrated IiM i]lstrumcnt  has rcccntly  successfully
undergone vibration tc.sling.  I“hc EM optical bench and 1’SS
will be ] cfurbishcd  for usc on the flighl instrument.

(:AI .1 BRA’I’1ON

Mcause bo[h absolute. radiornctric  accuracy (fl.3%
unccrt. ainty at rtlaximotn  signal) as well as angle-to-angle
accuracy (i] % uncertainly at maximum signal) arc important
to the MISR cxpcrimcnt,  spccirrliz.cd  hardware has been
incorpmatcd  into the. imshwmcnt  design. Among the primary
clcnwn{s  of the h41SR  On-Iloard Calibrator (O13C)  are two
dcployab]c  son-rcflc{l  ing calibration plalcs  containing
diffusely rcftccting  paucls  of Spcctralon,  a high rcflcctancc,
nearly lambcrtian  rnatc.r ial, l’hc two symmetrical calibration
plate dcviccs arc fastened m the optical bench. MISR will be
rccalibi  atcd, in-ftight, at approxima[cly  monthly intervals. As
MISR cxnploys  dc.tcctc)r standards to achicvc a radiornc~ic
scale, the OItC contains four stationrrry  packages of radiation
rc.sista[lt  photodiodc.s,  two facing the nadir and two al igacd
with the “D” cameras; four high quantum efficiency (l IQII)
diode ])ackngcs;  and [hc grrniomctc.r,  a modular assembly
Conk? ill ing aa actuated radiation resistant diode package on a



swinging arm to view the calibration plates over a range of
view ang]cs.

RIiMOTE SENSING OF AEROSOI ,S

A principal observational goal of the MISR cxpcrimcnt  is to
monitor global and regional lrc.nds  in abundance and optical
propertkx  of aerosols in the Elwth’s troposphere. Aerosol
information derived from MISR will also b used in the
atmospheric correction of MISR surface imagery.

The primary pararnctcrs 10 be rctricvcd  arc Lroposphcric
aerosol optical depth and a compositional model identifier.
Irnplcmcntation of the aerosol retrieval strategy requires pre-
launch generation of a datasct  containing the physical and
optical properties of aerosol parliclcs  rcprcsentativc of a wide
range of cnvironrncntal  conditions. Following this, a datasct
contain ing prcdictcd lop-of-atmosphere (TOA) radiances for
this range of rnodcls is gene.rated, for three surface boundary
conditions: (1) dark water, i.e., a Frcsncl  reflector roughened
by wave facets and whitecaps; (2) dense, dark vcgcLNion
(rmv), containing a SC( of prc-determined surface
bidirectional rcftcctancc  rnodcts;  and (3) a black surface. The
first case is used primarily over ocean, and a land/water mask
is used to identify it$ applicxahility. If no dark water is present
in the sccnc, a vegetation index is calculated to dctcrminc  the
prcscncc of DDV. Finally, an algorithm dcvcloput  for use over
land surfaces containing spatial contrasts is applied, if dark
water or DDV arc not present. This  algorithm uscs the black

surface case as input, and d iffcrs from the dark water and DDV
retrieval ri~cthods  in th:it  i[ does not use tbc. observed radiances
directly, but inslcad  uscs the prcscncc of spatial contrasts to
derive an Empirical Orthogonal Function @,OF)  rcprcscntation
of the anp,ular varialion  of the sccnc rcftcctancc,  which is then
used to Amatc the sccnc. pa[h radiance (the radiance field
rcftcctcd  from the am]ospherc  without interacting with the
surface). ‘1’hc  TOA radiance.s for the suite of aerosol rnodcls arc
conk?ined in the Simulatc(i  h4 ISR Ancillary Radiative Transfer
(SMAR’J’j Datasct.  Residuals bctwczn  quantities derived from
the obscl vcd MISR radiant.cs and SMART radiances arc
rninin]izcd  to csbablish  the best-fitting aerosol optical depth
and compositional model, For each of the three rewicval paths,
optical (Icpth constraints, such as the maximum allowable
optical dcptb,  based on the darkest radiance observed in the
sccnc,  alc calculated. Conceptual flow diagrams of the
retrieval pathways arc shown in Fig. 2. Calculations have
dcmonsh iitcd that a rc.tric.val  accuracy in optical depth of lhc
larger of 0.05 or 10%, and distinguishability bctwccn different
compositional and siz.c.  rnodcls based on their angular
signatures, arc feasible. for a wide range of aerosol types.
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Figure 2, MISR aerosol retrieval strntcgies


